Oral nutrition supplements (ONS) are routinely prescribed to those with, or at risk of, 16 malnutrition. Previous research identified poor compliance due to taste and sweetness. 17 This paper investigates taste and hedonic liking of ONS, of varying sweetness and metallic 18 levels, over consumption volume; an important consideration as patients are prescribed 19 large volumes of ONS daily. A sequential descriptive profile was developed to determine 20 the perception of sensory attributes over repeat consumption of ONS. Changes in liking of 21 ONS following repeat consumption were characterised by a boredom test. Certain flavour 22 (metallic taste, soya milk flavour) and mouthfeel (mouthdrying, mouthcoating) attributes 23 built up over increased consumption volume (p≤0.002). Hedonic liking data from two 24 cohorts, healthy older volunteers (n=32, median age 73) and patients (n=28, median age 25 85), suggested such build-up was disliked. Efforts made to improve the palatability of ONS 26 2 must take account of the build up of taste and mouthfeel characteristics over increased 27 consumption volume. 28 29
must take account of the build up of taste and mouthfeel characteristics over increased 27 consumption volume. 28 reported average wastage of two different ONS to be 41 % and 44% and Stableforth 53 (1986) showed that elderly patients with femoral neck fractures only tolerated limited 54 amounts of ONS which meant that large calorie deficits remained. Bolton et al (1992) 55 compared the long term palatability of three commercial ONS products with cancer 56 patients and found that 54% of patients discontinued the trial for flavour reasons. In the 57 optimal concentrations of sucrose and orange flavour in drinks for elderly subjects 78 compared to younger adults. 79
Development of ONS with lower sweetness, by replacing sucrose with an alternative 80 saccharide, palatinose TM ( -D-glucopyranosyl-1,6-fructose), led to segmentation in 81 preference between consumers who liked the less sweet variants, and those who liked the 82
The trained sensory panel characterised five specific sensory attributes of various ONS in 155 a sequential profile. This is a descriptive profiling method developed to determine the 156 perception of sensory attributes upon repeat consumption of ONS over time. Panellists 157 tasted eight consecutive aliquots (5 ml) of each ONS sample and were instructed to score 158 the selected five attributes following each of the eight tastings. For each tasting, panellists 159
were also instructed to score the same five attributes as after-effects, following 30 s and 160 60 s time delays. A two minute time delay was enforced between samples. Panellists 161 scored each attribute on unstructured line scales with the appropriate anchors. 162
Compusense five was used to design and run the profile and capture data. 163
The five attributes scored were sweet, metallic, soya milk flavour, mouthcoating and 164 mouthdrying. In a previous full quantitative descriptive analysis (QDA) profile of four 165 commercial products (Ensure Vanilla Plus, Abbott Nutrition UK; Fortisip Vanilla, Nutricia 166
Clinical Care UK; Resource Shake Vanilla and Clinutren Vanilla, Nestle Nutrition France) 167 sweet taste was found to be significantly different between samples (p=0.03), soya milk 168 flavour was only found to be significant as an aftertaste (p=0.03) (data not shown). QDA 169 did not reveal significant differences in metallic taste, mouthdrying or mouthcoating; and 170 yet these characteristics were thought to be distinct in ONS. The trained panel commented 171 on this and noted that these attributes appeared to last in the mouth beyond the profiling 172 session. It was, therefore, decided to study metallic, mouthdrying and mouthcoating, 173 alongside sweet taste and soya milk flavour, using the sequential profile. 174
Sequential profile data was collected for the following ONS: standard commercial vanillareplicate in a separate week, in balanced order. Samples were coded with 3-digit numbers; 181 however, all samples which were the same received the same code (panellist not blinded 182 to sequential protocol). Still mineral water and bread were provided as palate cleansers in-183 between product samples (not between the eight consecutive aliquots of the same 184 sample). Panellists were instructed to drink all the sample volume presented and were not 185 permitted to drink water during sequential profiling. p<0.0001 and p<0.0001 respectively). Unlike the aforementioned attributes, sweetness did 247 not build over repeat consumption, it peaked at sips and decreasing as after-effects. 248 Figure 2 compares the standard sweet (CONS) and the sweetness suppressed (SSONS) 249 variants for three attributes. The SSONS was perceived as significantly less sweet 250 (p<0.0001; initial mean scores 24 and 48 respectively). It was also significantly more 251 mouthdrying (p<0.0001), although the difference was less substantial as tastings 252 progressed, (mean scores at second sip of 42 and 36 respectively). It is likely that the 253 sweeter sample is perceived as less mouthdrying due to the sweet taste interfering with 254 the drying perception; a previous study found sweetened soymilk to be less astringent than 255 its unsweetened counterpart (Courrelongue, Schlich and Noble, 1999). There was no 256 significant difference in the metallic perception of the two products, the soya milk flavour or
Results and discussion

ONS control and No-Mineral ONS formulations 259
It was hypothesised that the minerals added to ONS during manufacture may contribute to 260 both astringent and metallic tastes. The mineral supplementation added to ONS contains 261 iron sulfate, known to impart metallic taste (Lim and Lawless, 2006). Minerals, particularly 262 zinc, are also known to impart astringent properties to solutions (Yang and Lawless, 2005) . 263
To test the hypothesis, a control ONS formulation (PPSONS) that contained the full 264 mineral supplement and a formulation that had no mineral supplementation (PPNONS) 265 were manufactured. Figure 3 demonstrates the mouthdrying and metallic profiles of these 266 two ONS products. As with commercial ONS; metallic and mouthdrying built up 267 significantly over consumption time (p=0.001 and p<0.0001 respectively) for both products. 268
On first consumption (5 ml) the mineral free product had a lower mean for metallic taste 269 Given that panellists were asked to score the same attributes over time during sequential 284 profiling, their expectation might be that certain attributes were expected to build up over 285 time. However, in the first and subsequent sequential profile sessions four attributes 286 (mouthdrying, metallic, mouthcoating, and soya milk flavour) were found to build with time, 287 whereas sweetness did not. It was not thought likely that the panellists anticipated that 288 certain attributes would build over time and others would not. To further validate the 289 sequential profiling method, panellists were given eight consecutive aliquots of the same 290 sample, and blinded to the fact that the samples were identical. Figure 4 demonstrates that 291 the two methods did not give identical results. The panellists contributing to the data 292 acquired by both methods were the same, however, the batch codes of the samples were 293 different and the methods were run in different weeks. As the panellists were not using any 294 reference standard, it is expected that absolute values for the samples varied between the 295 methods; it is whether the trends differ that is important. 296
The two profiles (where panelists blinded to the sequential nature of the profile, and where 297 they were not blinded) gave very similar trends for sweetness; there was a significant 298 difference between results from the two methods (p=0.001) and no significant change over 299 consumption time. For metallic taste, the panellists record a more substantial increase in 300 metallic taste over consumption time when not blinded to the sequential profiling, however 301 the trends for both methods was the same. There was a significant difference between the 302 two methods (p<0.0001), but still a significant overall increase in metallic taste with time 303 (p<0.0001), with the not-blinded sequential profile finding a mean increase of 19 (from 18 304 to 37) and the blinded sequential profile a mean increase of 9 (from 13 to 21). Similarly for 305 mouthdrying and soy milk flavour (data not shown), there were significant differences in 306 the results from the two methods (p=0.01, p=0.05), but a significant increase withsuitable test for metallic taste threshold determination. Metallic taste tends to be noticed as 336 an aftertaste and, as shown in the sequential profiling results, it builds with time and is 337 difficult to clear from the palate. Therefore, false identification is likely to arise from the 3-338 AFC tests as a result of build up from previous samples tasted. If the sensory panellists 339
were truly unable to detect iron sulfate as metallic at 45 mg/L, it is unlikely that they would 340 detect metallic taste in the ONS where the iron levels are typically around 20 mg/L, unless 341 most of the metallic taste perceived is not attributed to the iron sulfate. In a previous study 342 (n=18, mean age 24) the group best estimated threshold for iron sulfate was 27.5 mg/L (99 343 mmol/L), with a large standard deviation of 125mg/L (452mmol/L) (Lim and Lawless,is likely that consumption of a typical pack volume may reduce liking of the products even 388 further. It is hypothesised that the attributes of mouthdrying and metallic which were found 389 in the sequential profiling study to build substantially over consumption volume may, in 390 part, cause the reduction in liking. 391 disliked. The combined use of sequential profiling and liking over repeat consumption 414 (using a boredom test approach) is recommended as a methodology suitable for the 415 exploration of products such as ONS which are known to have aftertastes. 416
Removal of the minerals from an ONS formulation did not significantly reduce mouthdrying 417 and although the effect on metallic taste perception was significant, it was not substantial. 418
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